Recreational use of beaches may threaten some beach-nesting shorebirds in southern Australia. Temporary Beach Closures, comprized of a 50 x 25 m exclusion zone around a shorebird nest, represent a promising technique for altering human behaviour by reducing both disturbance to birds and inadvertent crushing of eggs by beach visitors. We assessed whether three commonly employed configurations of Temporary Beach Closures (sign, fence, and warden) were effective at: (1) achieving compliance among beach visitors, and (2) reducing egg-crushing rates. Overall, 93.7% of beach visitors complied with all Temporary Beach Closures, resulting in a reduction in egg-crushing rates within, as opposed to adjacent to, Temporary Beach Closures. Levels of compliance were high in all Temporary Beach Closure configurations (88.0-99.4%), and similar levels of compliance were achieved within the three configurations. Human compliance was highest for females and when the density of beach-users was higher, while individuals aged <20 and >61 years were less likely to comply with Temporary Beach Closures. Despite an increased probability of compliance on high density beaches, this did not translate into a reduction in egg crushing rates on such beaches, because the overall number of noncompliant individuals remained higher. We conclude any Temporary Beach Closure configuration is meritorious, and that their use on high and low-use recreational beaches will benefit breeding shorebirds by reducing the rate of egg-crushing. Targeting demographics that display lower levels of compliance, such as men, young people (i.e. <21), and older people (i.e. >60), may further improve the effectiveness of Temporary Beach Closures in enhancing the conservation of shorebirds.
INTRODUCTION
BEACHES are a conspicuous element of the world's coastal ecosystems, covering approximately 70% of open coastlines (Dugan et al. 2010) . Beaches are highly valued by people for a variety of social, cultural and economic reasons, forming the basis of many coastal economies (Klein et al. 2004) , and are used disproportionately by people for recreational purposes (Defeo et al. 2009 ). The role of beaches as important habitats for biota is often overlooked (Dugan et al. 2010) , or is a secondary consideration to those of maintaining and enhancing beach recreation. As a consequence, there is growing concern over the conservation of beach ecosystems globally (Schlacher et al. 2007) .
The use of beaches in Australia mirrors that of beaches in many parts of the world. Onequarter of Australians live within three kilometres of the coast, and 85% live within 50 kilometres (Victorian Coastal Council 2008) . Beaches are used extensively for recreation both by the resident population and by growing numbers of national and international tourists (Department of Environment and Heritage 2001) . However, Australian beaches also comprize critical habitat for many species, including several species of shorebird, with populations of at least three of these being obligate coastal breeders i.e. Pied Oystercatcher Haematopus longirostris, Beach Thick Knee Esacus magnirostris and the eastern population of Hooded Plover Thinornis rubricollis (Marchant and Higgins 1993) .
One technique being employed for shorebird conservation on recreational beaches internationally is the use of Temporary Beach Closures (Wills et al. 2003; Medeiros et al. 2007 ). This technique aims to exclude beach visitors from shorebird breeding sites through the use of barriers, signs and wardens (Weston 2003) . There is a growing emphasis on the development of management techniques that permit coexistence between shorebirds and beach visitors (Dowling and Weston 1999) . Temporary Beach Closures promote coexistence by leaving a strip of c. 15 m between the high tide mark and the lower edge of the exclosure; most mobile beach visitors use the lowest part of the beach (Weston et al. 2011) . The exclosures are thus relatively convenient to comply with. However, despite their widespread implementation, information on the efficacy of Temporary Beach Closures for enhancing shorebird conservation is limited (but see Medeiros et al. 2007 ).
This study aimed to enhance understanding of the role of Temporary Beach Closures in assisting in the conservation of breeding 
METHODS
Fifteen beaches were studied along the southern coast of Victoria, Australia, between Apollo Bay (38°45'S, 143°40'E) and Wilson's Promontory (39°04'S, 146°20'E). Beaches were chosen because they were high-use, recreational areas, and because they represented suitable breeding habitat for a particular threatened shorebird, the Hooded Plover ( Figure 1) ; thus, these beaches encapsulate the competing demands of beach visitors and fauna -in this instance breeding shorebirds -across Australia and internationally.
We chose the Hooded Plover as a model species to assess the efficacy of Temporary Beach Closures for three main reasons: (1) the south east Australian population is almost exclusively confined to ocean beaches, where it nests in widely dispersed pairs in areas often favoured by people for recreation; (2) it has a breeding season which coincides with peak recreational use of beaches in coastal Victoria (DecemberFebruary) (Baird and Dann 2003) ; and (3) Temporary Beach Closures are currently employed for their conservation. In order to avoid disturbance to the Hooded Plover, Temporary Beach Closures were positioned at potential but non-active territories, and artificial rather than real nests were subjected to experimental treatments.
Five replicates of each of three Temporary Beach Closure configurations were tested (Figure 2 ).
Sign Temporary Beach Closure
The sign Temporary Beach Closure consisted of three signs (90 × 120 cm) (Figure 2a ). Signs were made of corflute, with information for beach visitors in large, bold print. Signs provided information about the conservation status and breeding habits of the Hooded Plover, and urged beach-users to stay outside the Temporary Beach Closure area. Two signs were positioned 60 m apart, perpendicular to the dune base and facing outwards. One sign was 30 m from the base of the dunes, parallel with the water's edge and facing seaward. All signs were identical regardless of configuration.
Fence Temporary Beach Closure
The fence Temporary Beach Closure combined the sign Temporary Beach Closure with a rope fence (25 × 50 × 25 m, Figure 2b ). The fence was constructed of brightly coloured rope (7 mm 
Warden Temporary Beach Closure
The warden Temporary Beach Closure combined the fence Temporary Beach Closure (i.e. both a sign and rope fence) with two volunteer wardens (Figure 2c ). Wardens were positioned approximately 10 m on either side of the Temporary Beach Closure. Trained wardens provided information about the Hooded Plover and the Temporary Beach Closure to beach visitors, but did not reveal that the Temporary Beach Closure was for study purposes. ). Each beach visitor was recorded as being compliant or non-compliant. Non-compliance was defined as a beach visitor entering the area demarcated by the three signs. If a dog Canis familiaris entered a Temporary Beach Closure, the dog's owner was recorded as non-compliant. The age and sex of beach visitors was also recorded, with age being estimated to fall within one of the following categories: <10, 11-20, 21-40, 41-60 and >60 years of age.
Compliance observations

Egg-crushing
Artificial nests were used to determine if Temporary Beach Closures reduced the incidence of egg-crushing. Each nest contained two blown European Quail (Coturnix coturnix) eggs. Eggs were filled with acrylic sealant to add weight and stability, and placed within a handmade shallow scrape, which mimicked Hooded Plover nests. Quail eggs were used due to their availability, similar colouration, markings and dimensions to Hooded Plover eggs (mean egg dimensions: European Quail, 34 × 26 mm, this study; Hooded Plover, 36 × 26 mm, after Weston 2000) ). High densities of artificial nests were placed within each Temporary Beach Closure to optimize the efficiency of recording egg crushing events. A 10 × 20 m grid was established inside each Temporary Beach Closure, with the long dimension parallel to the water's edge, and artificial nests were established at each intersection of the grid. Thus, within each grid, 20 artificial "nests" were positioned in four rows (3.3 m apart) of five nests (5.0 m apart along a row). The grid was positioned in the upper beach where Hooded Plovers typically nest (Weston 2003) . A grid of the same size, shape and position (relative to the dunes) was established adjacent to the Temporary Beach Closure area as a control (the grids were 10 m apart, each 5 m from the boundary of the Temporary Beach Closure).
Eggs were exposed and observed for six hours at each Temporary Beach Closure site, after which they were discretely collected. Egg fate was recorded as "crushed", "lost", "depredated" or "intact". Assessments of egg fate were based on the condition of the shell, observations of predator activity throughout the day and/or evidence of nearby footprints, tracks or signs. Where one egg in a nest was discovered as nonintact, the clutch (nest) was assigned the fate of the non-intact egg.
Statistical analysis
We used Generalized Linear Mixed Models to examine the influence of predictor variables on both compliance with Temporary Beach Closures and egg-crushing rates. For all analyses, we specified 'beach' as a random effect to account for correlation structures in the data owing to observations being clustered within beaches, and all predictor variables as fixed effects using glmmPQL within the MASS package (Venables and Ripley 2002; Broström 2009 ). All analyses were conducted within the R environment using R version 2.11.1 (R Software Development Team 2010).
We generated two separate Generalized Linear Mixed Models for examining which factors influence compliance with Temporary Beach Closures: (1) a "personal model" for identifying characteristics of humans that increase the likelihood of non-compliance. These included predictor variables detailing the sex and age of people, and an interaction between sex and age; (2) a 'situational model' for revealing conditions under which non-compliance took place. Predictor variables were time of day, type of day (weekend versus weekday), rates of encounters by beach visitors, type of Temporary Beach Closure, and an interaction between type of Temporary Beach Closure and encounter rate. We used compliance (0) versus non-compliance (1) as the response variable within a logistic regression framework, specifying a binomial distribution of errors and a logit link.
To examine factors influencing the probability of a shorebird egg being crushed, we generated a Generalized Linear Mixed Model with egg fate as the response variable and Temporary Beach Closure treatment, and rates of encounters by beach visitors (see above) as predictor variables. Temporary Beach Closure treatments included the three different configurations outlined above (i.e., sign, fence, and warden), as well as a fourth treatment comprized of eggs situated outside of any Temporary Beach Closure. Egg fate was expressed as a binary variable because eggs were either crushed (1) or intact (0) following the observational period, and therefore a binomial distribution was specified.
We used t values (the coefficient divided by the standard error) to identify significant variables as indicated by a t-value >2.0. We used a backwards selection procedure to identify an optimal model (Zuur et al. 2009 ), in which nonsignificant variables were iteratively removed from a saturated model (i.e., all predictor variables and interactions), until only influential variables were retained. Optimal models were then used to make predictions for plotting the relationship between predictor variables and the probability of (1) non-compliance of people with Temporary Beach Closures; and (2) an egg being crushed.
Summary statistics are presented as means ± one standard deviation unless otherwise specified. , n = 15). Overall, levels of compliance at all Temporary Beach Closures were high (93.7 ± 3.6%). ). Circles represent proportions derived from the raw data.
RESULTS
Compliance
PACIFIC CONSERVATION BIOLOGY
The personal model indicated that sex was an important factor influencing compliance, with females being more likely to comply with Temporary Beach Closures than males (i.e., the probability of non-compliance was higher for males) ( Table 1 ). The 21-40 and 41-60 year age-groups were more likely to comply with Temporary Beach Closures' as compared with the individuals <10 years of age (specified as the reference category), whereas all other agegroups had similar probabilities of compliance ( Table 1 ).
The situational model suggested that compliance was more likely under certain conditions: when beaches held high densities of beach visitors and in the middle of the day (i.e., between 12:00 pm and 2:00 pm; Table 1 ). In contrast, the type of Temporary Beach Closure did not influence compliance levels and was therefore not retained in the optimal model (see Table 1 ).
Egg-crushing
Overall, 94.0% of eggs remained in the nests following the observational period. The remaining eggs were crushed (3.9%), depredated (0.3%) (three eggs were lost to Silver Gulls Larus novaehollandiae and one to a dog), and lost to unknown causes (1.8%). Crushed eggs were attributed to trampling by humans, dogs, vehicles and unknown causes. Generalized Linear Mixed Model results indicated that Temporary Beach Closures were effective in reducing the rate of egg crushing (Table 1) . Eggs inside Temporary Beach Closures with the warden configuration had the lowest probability of being crushed, and showed the greatest difference relative to areas outside of Temporary Beach Closures, which were specified as the reference category. Eggs inside both the fence and sign configurations also had a lower probability of being crushed than those outside of Temporary Beach Closures, although of these two configurations, only the sign configuration differed significantly (i.e., t value >2.0). The rates of encounters by beach visitors also influenced the probability of an egg being crushed, with eggs being more likely to be crushed in high encounter-rate beaches as compared with low encounter-rate beaches (Table 1, Figure 3 ).
DISCUSSION
The need to protect species dependent on beach environments while accommodating the growing number of recreational beach-users is a common issue in many parts of the world (Defeo et al. 2009) . Here, we have demonstrated that a simple and inexpensive approach to the conservation of shorebirds on recreational beaches -Temporary Beach Closures -is associated with high compliance and reduced rates of egg-crushing for a threatened shorebird. Furthermore, by revealing situations under which non-compliance is more likely, and by identifying general characteristics of noncompliant individuals, we are able to make recommendations to enhance the efficacy of Temporary Beach Closures for protecting shorebirds on recreational beaches.
Compliance
Techniques that rely on voluntary adherence can only be effective if they are associated with high levels of compliance. This study found that levels of compliance with Temporary Beach Closures among beach visitors were generally high, a finding similar to Wills et al. (2003) who found that most people respected similar exclosures in New Zealand. Such high rates of compliance highlight how effective simple and inexpensive measures can be in reducing disturbance to important ecological assets, particularly in areas subject to high levels of recreational use.
Why are rates of compliance with signage often so high? Harding et al. (2000) elaborated on previous work (Fishbein and Ajzen 1975; Petty and Cacioppo 1981) to develop a model that suggests a four stage process in explaining compliance with low-impact recommendations for environmental recreationists: (1) situation interpretation: interpreting elements of the physical or social environment that may trigger a low-impact behaviour; (2) information retrieval: identifying the need for a particular behaviour; (3) judgement formation: developing a view on whether a behaviour is right or wrong; and (4) expression of behaviour: linking the behaviour with social norms. Thus, recreationists are most likely to comply when they can recognize elements of an environment needing protection (e.g., a threatened species), can recall the reasons for the low-impact behaviour, and believe it is important or ethical to act in a certain way, and have a view that the wider community also feels this way (Harding et al. 2000) . Thus, high levels of compliance in our study were most likely achieved because the message being delivered was clearly communicated, highly visible, in close proximity to the location where the behaviour change was sought, easy to comply with, and took place within a social context (i.e., presence of other people "doing the right thing") (McKenzie-Mohr and Smith 1999).
The finding that compliance was highest at Temporary Beach Closures with higher encounter rates and during busier times of the day (i.e. the middle of the day) highlights the strong role of social norms in influencing compliance (Manfredo and Dayer 2004; Williams et al. 2009 ). These results suggest that for low-use recreational beaches, Temporary Beach Closures may be less effective in securing compliance, and therefore other methods may be required to enhance shorebird conservation. It is encouraging, however, that Temporary Beach Closures are apparently most effective in securing compliance when the pressure from humans is at its peak.
Attitudes towards a species or environmental issue can be age-or gender-specific (Cook and Cable 1996; Solomon 1998) . Females were more compliant than males; a finding consistent with work demonstrating that females are generally more sympathetic towards endangered species (Cook and Cable 1996; Eagles and Demare 1999) . Conversely, the finding that younger individuals (i.e., aged less than 20 years) were less compliant than young adults and middleaged individuals (i.e. between 21-60 years) contrasts with studies which have consistently shown that younger age groups have a more protectionist ethic towards wildlife (Manfredo and Zinn 1996) , as well as expressing greater interest, affection and concern for the treatment of animals (Kellert 1993) . Furthermore, children and adolescents in Australia have environmental education in schools, which along with experience in outdoor activities and environmentally sensitive home experiences, are thought to shape attitudes and behaviour (Eagles and Demare 1999; Musser and Diamond 1999) . Thus, the low compliance of this age group is surprising, but may indicate that more specific education is required in the instance of Temporary Beach Closures. We also found that the oldest age group, comprized of individuals over 60 years, also showed lower levels of compliance than middle-age individuals. Together, the findings that age and gender influence compliance suggest that, although rates of compliance with Temporary Beach Closures were generally high, targeting younger age-groups (i.e., <21), older age-groups (i.e. >60), and males for education on shorebird conservation may further enhance the effectiveness of Temporary Beach Closures in conserving breeding shorebirds.
The three Temporary Beach Closure configurations (i.e. sign, fence, and warden) achieved similar levels of compliance, despite the fact they represented an increasing amount of intervention. This was counter to our expectations, and suggests that simple measures such as signs can prove as effective in achieving compliance as more labour and cost intensive measures. However, our wardens did not issue sanctions, which could further improve compliance (Gramann and Bonifield 1995) .
Overall, results from this study suggest that any Temporary Beach Closure configuration is worthwhile in terms of altering human behaviour.
Egg-crushing
A key question with respect to the efficacy of Temporary Beach Closures is whether the risk of egg-crushing was reduced by the changes in the behaviour of beach visitors conferred by Temporary Beach Closures. This study has revealed that Temporary Beach Closures are effective in reducing the probability of shorebird eggs being crushed, as eggs located in areas adjacent to Temporary Beach Closures had a greater probability of being crushed than those within both sign and warden Temporary Beach Closures. Thus, high levels of compliance with Temporary Beach Closures result in lower probabilities of shorebird eggs being crushed. Therefore, Temporary Beach Closures, a simple and relatively inexpensive measure for protecting beach-nesting birds, may dramatically increase reproductive success in shorebirds.
The only configuration not to have a significantly lower probability of egg crushing, as compared with outside of Temporary Beach Closures, was the fence configuration. Although insignificant, the overall trend was for a lower rate of egg crushing within the fence configuration compared with outside Temporary Beach Closures. Given that similar rates of compliance were observed for all configurations, and the lack of other likely explanations, we suspect that the lack of significance is probably an artefact of a limited sample size.
Despite the probability of non-compliance with Temporary Beach Closures in low-use beaches being higher than at high-use beaches, this does not translate directly to a lower probability of an egg being crushed in low-use, as compared with medium and high-use, beaches. This is because high-use beaches have a greater number of encounters overall (i.e. higher densities of people), meaning that although the probability of a human being non-complaint is lower in highuse beaches, the larger number of individuals frequenting such beaches results in a larger overall number of non-compliant individuals. This larger number of non-compliant individuals explains how the probability of an egg being crushed can be greater at high-use beaches, despite the probability of noncompliance within Temporary Beach Closures being lower in these same beaches.
Although assessing the influence of Temporary Beach Closures on actual reproductive output of the Hooded Plover was beyond the scope of the present study, we believe that the sizeable difference in the probability of an egg being crushed within, as compared with outside a Temporary Beach Closure, would also impart a substantial influence on reproductive success. In a comparable study, Medeiros et al. (2007) found that Little Terns Sterna albifrons were up to 34 times more likely to experience nesting success in an area with protective measures (signage and/or wardens) than in areas without such measures. Indeed, given that the Hooded Plover breeds over a long period and lays multiple clutches (in a reasonably spatially stable territory; Weston et al. 2009 ), the cumulative impact of the difference in crushing rates over the duration of breeding would be substantial. Of course, it is not known to what degree actual hatching success would be improved because other causes of nest failure may change in magnitude if eggs survive longer.
It is likely that Temporary Beach Closures confer additional benefits for breeding shorebirds aside from the direct benefits in terms of reduced rates of egg crushing. For instance, Temporary Beach Closures may confer benefits to broods. Behavioural responses of shorebirds to humans can depress reproductive success (Weston and Elgar 2005 ) and the high rates of compliance with Temporary Beach Closures observed in this study suggests that they may reduce the frequency or intensity of these responses by providing buffer zones between human activities and the birds (Ikuta and Blumstein 2003; Beale and Monoghan 2004) . Indeed, static recreation (e.g., sunbaking) which is generally excluded by Temporary Beach Closures, results in longer nest absences for Hooded Plovers compared with mobile recreation (e.g., walking) which occurs even when Temporary Beach Closures are in operation (Weston et al. 2011) . A controlled trial of Temporary Beach Closures on breeding Hooded Plovers is now warranted.
